A morphologically interesting hyphomycete was collected from submerged wood in a stream in Doi Suthep-Pui National Park, Thailand. It is described as Aquaticheirospora lignicola gen. and sp. nov., and is characterized by euseptate conidia with divergent arms, which are vertically inserted in different planes to a basal cell. The genus differs from other chirosporous genera in having synnematous conidioma and conidia that are produced on conidiogenous cells borne at the apices of synnemata. The morphological characterization of this new fungus is reported and compared with similar chirosporous genera. To investigate the teleomorphic and phylogenetic relationships of this new taxon, three different regions of the ribosomal gene [18S rDNA, 28S rDNA, and internal transcribed spacer (ITS) including 5.8S] were sequenced and analysed. The results of phylogenetic analyses based on 18S, 28S, and partial ITS including 5.8S rDNA, employing different tree-making methods, indicate that Aquaticheirospora lignicola is closely related to the ascomycetes family Massarinaceae (Order: Pleosporales). The Massarinaceae as currently circumscribed is monophyletic. Massarina australiensis and M. bipolaris, however, appear to belong to the Lophiostomataceae.
INTRODUCTION
Freshwater fungi represent a ubiquitous and diverse group of organisms, which colonize substrates found in aquatic or semi-aquatic environments (Luo et al., 2004; Fryar et al., 2005; Pascoal, Marvanová & Cássio, 2005; Sakayaroj, Phongpaichit & Jones, 2005; Vijaykrishna & Hyde, 2006) . They appear to be taxonomically diverse, and flourish in various ecological niches (Shearer, 1993; Goh & Hyde, 1996; Gönzöl & Révay, 2003 Fryar et al., 2004a, b) . So far, more than 1000 freshwater fungi have been documented and many more are being discovered as new habitats are being explored (Jeewon et al., 2003b; Tsui, Goh & Hyde, 2003; Tsui, Hodgkiss & Hyde, 2003; Ho, Hyde & Hodgkiss, 2004; Kodsueb et al., 2004; Tsui & Hodgkiss, 2004; Tsui & Hyde, 2004) . Several novel and interesting fungi have been described from submerged wood in freshwater environments in both tropical and subtropical countries (Cai et al., 2003a, b; Fryar & Hyde, 2004; Luo et al., 2004; Tsui & Hyde, 2004) . Recent fungal biodiversity studies in Thailand have also resulted in a number of new fungal taxa from aquatic habitats (Pinnoi et al., 2004; Pinruan et al., 2004a, b) . During the examination of freshwater fungi occurring on submerged wood in Doi Suthep-Pui National Park, Thailand, we collected an unusual synnematous chirosporous hyphomycete. Aquaticheirospora lignicola gen. et sp. nov. is described and illustrated with interference light micrographs, and compared with similar genera. A synopsis of morphological characters of chirosporous genera is provided. In this study, we also determine the phylogenetic relationships of our new taxon based on three sequence data sets [18S rDNA, 28S rDNA, and internal transcribed spacer (ITS) including 5.8S] to establish its teleomorphic affinities with known ascomycetes.
MATERIAL AND METHODS

COLLECTION AND PHENOTYPIC CHARACTERIZATION
Submerged wood (unidentified wood) was collected from a stream in Doi Suthep-Pui National Park, Chiang Mai, Thailand, during the rainy season of 2003. Samples were returned to the laboratory in individual plastic bags. High humidity was maintained by the addition of a paper towel moistened with sterile distilled water. Samples were incubated under ambient laboratory conditions (25-28°C, fluctuating daylight, and fluorescent light conditions) and were examined microscopically for the presence of microfungi after 4-5 days and periodically for up to 1 month. Cultures of fungi were obtained where possible from single spore isolation (Choi, Hyde & Ho, 1999) . Herbarium specimens and living cultures were deposited in The Hong Kong University Culture Collection (HKUCC).
DNA EXTRACTION AND POLYMERASE CHAIN
REACTION (PCR) Total genomic DNA was extracted from mycelial cultures grown on potato dextrose agar (PDA) following a 2 ¥ cetyltrimethylammonium bromide (CTAB) protocol (Jeewon, Liew & Hyde, 2004; Cai, Jeewon & Hyde, 2005) . Partial sequences from three different regions of the rDNA molecule (characterized by different rates of evolution) were amplified. Primers pairs NS1 (5′-GTAGTCATATGCTTGTCTC-3′) and NS4 (5′-CTTCCGTCAATTCCTTTAAG-3′), as defined by White et al. (1990) , were used to amplify a region spanning approximately 1200 nucleotides from the small subunit (18S) of rDNA. LROR (5′-ACCC GCTGAACTTAAGC-3′) and LRO5 (5′-TCCTGAGG GAAACTTCG-3′) primer pairs, as defined by Vilgalys & Hester (1990) , were used to amplify a segment of the large 28S subunit (about 950 nucleotides). In addition, primer pairs ITS4 (5′-TCCTCCGCTTAT TGATATGC-3′) and ITS5 (5′-GGAAGTAAAAGTC GTAACAAGG-3′), as defined by White et al. (1990) , were used to generate about 600 nucleotides from the complete ITS (including 5.8S) regions. The amplification conditions were performed in a 50-ml reaction volume as follows: 1 ¥ PCR buffer, 0.2 mM each dNTP, 0.3 mM of each primer, 1.5 mM MgCl2, 0.8 units Taq Polymerase, and 10 ng DNA. PCR parameters for all the regions were as follows: initial denaturation at 94°C for 3 min, 30 cycles of 94°C for 1 min, 52°C for 50 s, and 72°C for 1 min, and final extension of 72°C for 10 min. The characterization of PCR products was performed via agarose gel electrophoresis on a TAE 1% agarose gel containing ethidium bromide as the staining agent. DNA sequencing was performed using the primers as mentioned above in an Applied Biosystems 3730 DNA Analyser at the Genome Research Centre (University of Hong Kong). The novel rDNA sequences have been deposited in GenBank under accession numbers AY736377 (18S rDNA), AY736378 (28S rDNA), and AY864770 (ITS and 5.8S rDNA). The accession numbers of the other sequences used to construct the phylogenetic trees are shown in Table 1 .
DATA ANALYSIS
Partial sequences from the 18S, 28S, and complete ITS regions, generated from the different primer sets, were assembled using Bioedit (Hall, 1999) and ClustalX (Thompson et al., 1997 ). Alignments were checked and then manually edited where necessary. Sequence homologies were analysed using BLAST to facilitate the selection of other fungal members to be used in the analyses. Phylogenetic analyses were performed using PAUP* 4.0b10 (Swofford, 2002) . For maximum parsimony (MP) analyses, characters were unordered and weighted equally and differentially. Trees were inferred using the heuristic search option with 10, 100, and 1000 random sequence additions. Gaps were treated as missing data and fifth character to increase the probability of finding all the most-parsimonious trees and to compare tree topologies (as outlined by Jeewon, Liew & Hyde, 2002 Jeewon et al., 2003a, b) . Clade stability was assessed in a bootstrap analysis with 1000 replicates. For maximum likelihood (ML) analyses, a single tree generated under the MP criterion was used as a starting tree, and transition-transversion ratios, base frequencies, and shape parameter were estimated. Using these initial estimates of substitution rates and kinds, a heuristic search with tree bisection-reconnection (TBR) branch swapping was used to find the ML tree. The gamma model of site rate variation was used with no enforcement of a molecular clock. Initial branch lengths were obtained using Rogers-Swofford approximation methods. Neighbour-joining (NJ) analysis was carried out under different models of distance algorithms, including HKY85, JC, K2P, and F81, and the support 
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for individual clades within the tree was assessed by 1000 replicates of bootstrapping. Bayesian analyses were performed as outlined in Shenoy et al. (2006) and not detailed here. The Kishino-Hasegawa and Templeton tests were performed in order to determine whether the trees inferred under different optimality criteria were significantly different.
RESULTS
TAXONOMY
Aquaticheirospora Kodsueb & W. H. Ho, gen. nov.
Coloniae in substrato naturali effusae, solitaria, atrae. Conidiomata synnemata, erectra, brunnea. Mycelium in substrato immersum, hyalina vel pallide brunnea. Setae nullae. Cellulae conidiogenae in conidiophoris incorporatae, monoblasticae, terminales, determinatae, hyalina vel pallide brunneae, oblongae. Conidia acrogenosae, holoblasticae, gregaria, hyalina vel pallide brunneae ubi immatura, brunneae ad maturita, chiriodea, euseptata, verticalia; cellulae basilares pallide brunneae, cuneiformes-truncatae, laeves, tenuitunicatae; rami discreti, ramosi, plerumque divergenti, cylindrici. Conidiorum secessio rhexolytica.
Etymology:
In reference to the freshwater habitat and shape of the conidia of the fungus.
Mycelium immersed in the substratum, hyaline to pale brown. Conidiomata synnema, erect, brown. Conidiogenous cells monoblastic, determinate, hyaline or pale brown, oblong. Conidia acrogenous, holoblastic, hyaline to pale brown when immature and brown when mature, chiroid, euseptate, arms vertically inserted in different planes, on a basal cell; basal cells pale brown, cuneiform truncate, smooth, thin-walled; arms discrete, mostly divergent, cylindrical. Conidial secession rhexolytic.
Aquaticheirospora lignicola Kodsueb & W. H. Ho, sp. nov. (Fig. 1)
Coloniae in substrato naturali effusae, solitaria, atrae. Conidiomata synnemata, erect, 510 mm. Mycelium in substrato immersum, hyalina vel pallide brunnea. Cellulae conidiogenae in conidiophoris incorporatae, monoblastica, terminales, determinata, hyalina vel pallide brunnea, oblonga, 14.5 ¥ 9.5 mm. Conidia acrogenosa, holoblastica, gregaria, hyalina vel pallide brunneae ubi immatura, brunneae ad maturita, chiriodea, 65-85(-100) ¥ (16-)22-60(-75) mm ( χ = 77 ¥ 41 mm, N = 30), euseptata, cum (3-)6-8(-10) rami praedita, verticalia; cellulae basilaris pallide brunnea, cuneiforma-truncata, 8 ¥ 7 mm (N = 10), laevia, tenuitunicata; rami discreti, non Etymology: The name lignicola is derived from the words lignum, meaning wood, and cola, meaning habitat, referring to the habitat in which this fungus has been found. Colonies on PDA, black at the centre, with a yellowish-white, thick periphery, edge smooth and slightly raised, underside yellow, reaching 1 cm in diameter after 1 week. Mycelium immersed in the substratum, hyaline to pale brown. Synnemata, erect, forming after 6 weeks, white to pale brown and becoming dark brown when mature, up to 510 mm long. Conidiogenous cells monoblastic, determinate, hyaline to pale brown, oblong, 14.5 ¥ 9.5 mm. Conidia acrogenous, holoblastic, gregarious, hyaline to pale brown when immature, brown when mature, chiroid, 65-85(-100) ¥ (16-)22-60(-75) mm (χ = 77 ¥ 41 mm, N = 30), euseptate, with (3-)6-8(-10) arms vertically inserted in different planes, on a basal cell; basal cells pale brown, cuneiform truncate, 8 ¥ 7 mm (N = 10), smooth, thin-walled; arms discrete, unbranched, mostly divergent, cylindrical (4-)10-13 (-17) Note: The above descriptions are from material grown in culture on PDA. Slight differences in conidial characters were observed when the fungus was examined on the substrate. On the substrate, conidial arms were tightly packed, usually with 3(-5) often wider arms, whereas, in culture, conidia had (3-)5(-10) longer and narrower divergent arms, and the apical cell of some arms have a brown vacuole. The vacuole varied in shape from globose to irregular shape, some having rough ornamentation. The vacuole became larger when the conidia germinated. Only 270 nucleotides were used in the ITS and 5.8S data set (entire 5.8S and the last 75 nucleotides of ITS1 and first 25 nucleotides from ITS2), as other regions were too variable and difficult to align. Both unweighted and weighted MP analyses resulted in one tree each, which were similar in topology and not statistically different. Figure 4 shows the tree generated from the unweighted parsimony (TL, 602.5; CI, 0.485; RI, 0.695; RC, 0.337; HI, 0.515). The bootstrap support based on 1000 replicates is shown on the upper nodes.
DISCUSSION TAXONOMY
Morphologically, Aquaticheirospora is quite distinct from other anamorphic chirosporous genera. In addition to Aquaticheirospora, there are 27 other genera that produce chiroid conidia (Ho, Hodgkiss & Hyde, 2000) . Two of these genera (Cheiromyces and Cheiromycina) have distoseptate conidia, whereas all the others, including Aquaticheirospora, have euseptate conidia. Aquaticheirospora is unique in that the conidiomata are synnematous.
Aquaticheirospora produces chirosporous conidia similar in appearance to those of species of Cheiromyces, Chelisporium, Dictyosporium, Digitodesmium, Prostemium, Psammina, Sirothecium, and Tetranacrium. However, these genera differ in the type of conidiomata: in Aquaticheirospora, conidia are produced on synnemata; in Sirothecium, Prostemium, and Tetranacrium, conidiomata are eustromatic; in Cheiromyces, Dictyosporium, and Digitodesmium, conidiomata are sporodochial; and, in Psammina, conidiomata are acervular. The conidia of Aquaticheirospora are released by rhexolytic secession that leaves a basal frill on the conidia (Fig. 1D) , and is similar to conidial secession in Cheiromyces and Dictyosporium (Goh, 1999; Ho et al., 2000) . Most Dictyosporium conidia are complanate with tightly packed arms arranged in the same plane (Tsui et al., 2006) , whereas, in Aquaticheirospora, arms are arranged in different planes, as in Cheiromyces, Digitodesmium, and Sirothecium species. A synopsis of distinguishing characters of Aquaticheirospora and similar genera is given in (Eriksson & Hawksworth, 2003) . The family Massarinaceae (Pleosporales) was established by Munk (1956) to accommodate Massarina, which is characterized by aggregated, immersed to erumpent, pseudothecioid ascomata, cellular pseudoparaphyses, bitunicate cylindrical asci, and hyaline, fusiform to long ellipsoid ascospores with a mucilaginous sheath or appendages (Hyde, 1995; Aptroot, 1998) . The family was synonymized to Lophiostomataceae (Barr, 1992; Kirk et al., 2001) . Recently, Massarinaceae was resurrected following the redescription of Leptospharia bicolor as a new genus (Saccharicola) and its phylogenetic affinities with Keissleriella cladophila (Niessl) Corbaz, M. eburnea, and the anamorphs Helminthosporium solani Durieu & Mont. and H. velutinum G.K.Link based on 18S rDNA sequence analysis (Eriksson & Hawksworth, 2003) . In this paper, we placed our new taxon in the family Massarinaceae as circumscribed by Eriksson & Hawksworth (2003) . The phylogenetic relationships of this family in Pleosporales, based on morphology and molecular characters, have already been described by Oliver et al. (2000) , Morales et al. (1995) , and Eriksson & Hawksworth (2003) , and are not detailed here. Basically, the molecular results shown here are congruent with previously published phylogenies. Aquaticheirospora lignicola clusters with S. bicolor and with other members of the Massarinaceae with a bootstrap confidence of 66% (18S rDNA-based phylogeny; Fig. 2 ) and 54% (ITS-based phylogeny; Fig. 4 ). 28S rDNA phylogeny also supports the inclusion of A. lignicola within the Pleosporales, and its affinity with members of the family Massarinaceae is resolved with high bootstrap support (91%; Fig. 3 ). The three gene regions could not be analysed Sutton (1980 Sutton ( , 1985 .
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in combination because of inadequate sequences available in GenBank for this group of fungi. Phylogenies based on DNA sequence analyses have been shown to be important in the classification of many anamorphs and their integration with teleomorphs (Rehner & Samuels, 1995; Taylor, 1995; Jacobs & Rehner, 1998; Jeewon et al., 2002; Shenoy et al., 2006) . In this study, the hypothesis that A. lignicola is the anamorph of a member of the Massarinaceae is assessed. Pairwise sequence alignment of the partial 18S rDNA gene (1059 nucleotides) reveals that A. lignicola shares 98% and 96% similarities to Keissleriella cladophila and S. bicolor, respectively. Massarinaceae is known to possess both coelomycetous and hyphomycetous anamorphs (Sivanesan, 1984; Shoemaker & Babcock, 1990 (Bose, 1961) . Saccharicola bicolor has been linked to Stagonospora-like anamorphs, but a Phoma-like anamorph has also been reported (O'Neill & Farr, 1996; Venkatasubbaiah et al., 1998; Eriksson & Hawksworth, 2003) . Helminthosporium has been accepted as an anamorphic genus within the Pleosporales (Oliver et al., 2000) . In this study, H. solani and H. velutinum, both hyphomycetous taxa, belong to the Massarinaceae, as does A. lignicola. However, Helminthosporium spores superficially resemble Bipolaris, Drechslera, and Exserohilum spores and are distinct from those of Aquaticheirospora. Recently, a new coelomycetous genus, Paraconiothyrium (anamorph of Paraphaeosphaeria), characterized by pycnidial, unilocular conidiomata with circular and central ostiole, brown conidia, and conidiophores which are absent, was described and accommodated in the Pleosporales (Verkley et al., 2004) . Another recent phylogenetic study also indicated that other hyphomycetous fungi (including Cheiromoniliophora, Dictyosporium, Digitodesmium, Kamatia, and Pseudodictyosporium) , sharing similar morphologies to Aquaticheirospora, also have affinities to the family Massarinaceae (Tsui et al., 2006) .
The phylogenies generated in this study also shed meaningful taxonomic insights into the systematics of Massarina. It is becoming increasingly evident that there are Massarina species that should be transferred to other families, such as Lophiostomataceae (Liew, Aptroot & Hyde, 2002; Vijaykrishna, 2005) . 18S rDNA sequence analyses have shown that M. australiensis K.D.Hyde and M. bipolaris K.D.Hyde should be transferred to the Lophiostomataceae, and that the family Massarinaceae should be circumscribed to include Massarina, Keissleriella, Saccharicola, Helminthosporium, and Aquaticheirospora for the time being. These two species are related to Lophiostoma species and, morphologically, they can only be distinguished on the basis of a slight difference in the ostiole. However, whether this character is phylogenetically significant in delineating the Lophiostomataceae and Massarinaceae is still obscure at present.
It appears that anamorphic characters have undergone convergent evolution and are phylogenetically insignificant in clarifying familial boundaries within the Pleosporales. Other anamorphic fungi, such as Alternaria, Cladosporium, Curvularia, Fusicoccum, Coniothyrium, Pleurophomopsis, Stemphylium, and Titaea, also have phylogenetic affinities to the Pleosporales and other bitunicate fungi (Guo et al., 2004; Lee, Kim & Jung, 2005; Schubert & Braun, 2005; Tanaka, Harada & Barr, 2005; Kirschner & Piepenbring, 2006; Phillips et al., 2006) .
Molecular phylogenetics have helped to establish a number of anamorphic fungi to their teleomorphic counterparts, especially those which never produced any teleomorph in culture. For instance, Pinnoi et al. (2007) (Shenoy et al., 2006) .
Aquaticheirospora lignicola is clearly morphologically dissimilar to all previously described anamorphs within the Pleosporales, and both morphological and molecular characterization provides sufficient evidence to support this anamorphic fungus as a new genus. Attempts were made to induce the production of the sexual stage in culture, but no teleomorphs were observed after 45 days.
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